Introduction
============

China has the largest population in the world, with rural residents accounting for more than half of its population. Although some studies had revealed the epidemiological characteristics of ocular disorders, most of them focused on urban residents.^\[[@R1]--[@R3]\]^ Few studies had shed light on the incidence of major eye diseases among rural population, as well as the impact factors or the cause and effect associations. Epidemiology study focusing on rural Chinese population is needed, especially a well-designed population-based cohort study.

Back in 2006, the baseline survey of Handan Eye Study (HES) was conducted, the subjects were rural population aged 30 years or above from Handan city, Hebei province, China. HES baseline had provided abundant information on the prevalence of major eye diseases including glaucoma, cataract, refractive error, age-related macular degeneration (AMD), diabetic retinopathy (DR), retinal vein occlusion, and so on for rural population, as well as the risk factors of visual impairment or eye diseases.^\[[@R4]--[@R12]\]^ Moreover, HES baseline had demonstrated the effect of eye diseases on visual function and healthcare.^\[[@R13],[@R14]\]^

To make the investigation into a further step, the follow-up phase of HES was implemented between 2012 and 2013, the participants were all from baseline. The follow-up phase was aimed at investigating the cumulative 6-year incidence, progression, and the impact of vision-threatening ocular diseases in rural Chinese population. To help better understand HES and to build a reference for all subsequent studies, we intend to give a brief introduction of the design and methodology of the follow-up of HES. We will also assess the reliability and validity of scales used, as well as the consistency on same measurements by different operators, which is a reflection of the data quality. Besides, given that loss to follow-up is very common for cohort studies, we must evaluate whether there is bias caused by the subjects lost to follow-up, thus we will outline the preliminary comparison results among the subjects followed-up, the subjects lost to follow-up, and the dead subjects in this study.

Methods
=======

Registration and ethic approval of HES
--------------------------------------

HES was registered in Chinese Clinical Trial Registry website "<http://www.chictr.org.cn/>," the registry number was ChiCTR-EOC-17013214. The study was conducted in accordance with the *Declaration of Helsinki* and the study was approved by the Ethical Committee of Beijing Tongren Hospital, Capital University of Medical Sciences (Ethical approval number TREC2006-22). The informed consents from the subjects were obtained in this study.

Study design
------------

HES was a population-based cohort study. The methodology and design of HES baseline were described elsewhere,^\[[@R15]\]^ specifically, at the baseline of HES, 6830 adults aged 30 years or above were included from 13 villages in Yongnian county, Handan city, Hebei province, northern China. In this paper we aimed at describing the methodology and the data quality of HES follow-up.

Why did we choose Handan?
-------------------------

Handan city was chosen carefully for two main reasons, firstly, according to data from National Bureau of Statistics of China, per capita net income of people in rural area of Hebei was at the medium level compared to other rural areas in northern China. We considered that the rural area of Hebei was of good representation to the rural area of northern China. We were supported by the government of Handan city, which was very helpful to the subject recruitment and the implement of the HES follow-up.

Characteristics of Handan
-------------------------

Handan city, between 114°03′--40′ east longitude and 36°20′--44′ north latitude, is located at the southern end of Hebei province. Handan has a complex terrain, the west of Handan is hilly landform, and the east of Handan is plain. The highest altitude of Handan is 1898.7 meters and the lowest is 32.7 meters. In Handan, there is a large steel factory: HBIS Group Hansteel Company, as well as lots of township enterprise doing leather business. What\'s more, Handan villagers' average income is around the median level of the rural area in northern China, thus Handan is an appropriate sample site.

How were the 13 villages selected?
----------------------------------

Based on our baseline sample size estimation, it was expected that 8354 subjects^\[[@R15]\]^ should be recruited. Besides, our basic sampling unit (BSU) was controlled at around 1500. If the number of residents in a village was less than 1500, the village would be merged with another neighboring village. At the same time, according to the 2010 census data, Chinese population over 30 years old accounted for about 51.7%, so it was expected that we could recruit 750 subjects from each BSU. For conservative consideration, we decreased this number to be 650, thus 13 villages were needed, and all the villages were randomly selected through a clustered sampling method.

Similarity of samples compared to the whole rural population of China
---------------------------------------------------------------------

We compared the similarity of subjects from the investigation site, the Yongnian county, with the whole rural population of China.^\[[@R15]\]^ The male proportion of Yongnian county was 50.6%, and it was 51.7% of the whole rural area population of China. In terms of age, the proportions of 0 to 9 years, 10 to 19 years, 20 to 29 years, 30 to 39 years, 40 to 49 years, 50 to 59 years, 60 to 69 years, 70 to 79 years, and 80 years or above were 14.5%, 24.3%, 15.8, 16.0%, 12.8%, 8.2%, 4.9%, 2.8%, and 0.7%, respectively, while for the whole rural area population of China, the proportions were 14.1%, 19.2%, 15.6%, 18.1%, 13.0%, 9.1%, 6.3%, 3.6%, and 1.0%, respectively. Yongnian county and the whole rural area of China was relatively close in gender and age distribution.

Inclusion and exclusion criteria
--------------------------------

Inclusion criterias were: (1) subjects of 30 years or above. (2) the household registration was in the local area. (3) the household registration was not in the local area but subjects had lived in the local area for more than half a year. (4) voluntarily participate in the study.

Exclusion criterias were: (1) subjects whose age was under 30 years. (2) the household registration was not in the local area and the residence time was less than half a year. (3) subjects who refused to participate in this research.

What\'s new for the follow-up?
------------------------------

HES baseline was aimed at probing the prevalence, as well as the risk factors of major ocular diseases, visual impairment, and blindness. HES follow-up would focus on the incidence of ocular diseases, visual impairment, and blindness. What\'s more, the follow-up stage of HES would reveal a cause-and-effect relationship between the risk factors and the ocular diseases.

Recruitment strategy for the follow-up
--------------------------------------

For better recruitment of the subjects, village group leaders /local doctors made explanations to the villagers by social media (television and radio broadcast), as well as communications by face-to-face. Otherwise, local doctors carried out home visits to make further explanation to the subjects who had not understood the follow-up well.

For residents who were unable to attend the examination in central clinic, the examinations were conducted in the village clinic, including abbreviated examinations for subjects disabled at home.

Follow-up rate
--------------

Generally, 5394 subjects aged 36 years or above participated in the follow-up phase of HES. 929 subjects were lost to follow-up, another 507 subjects died and were excluded, the follow-up rate was 85.3% (5394/6323).

Data collection
---------------

The questionnaires and ocular examinations were performed by trained interviewers and experienced doctors who participated in the baseline survey of HES.

What questionnaires and scales were used?
-----------------------------------------

\(1\) Socio-demographic information. (2) Internal medicine diseases. (3) Cognitive function (mini-mental state examination \[MMSE\]^\[[@R16]\]^). (4) General quality of life (EuroQol-5D^\[[@R17]\]^). (5) Eye diseases and corresponding symptoms. (6) Refractive error. (7) Medical history. (8) Behavior information. (9) Family history. (10) Gynecology and fertility questions for female.

Except for the above questionnaires and scales that used for HES baseline, information of the following aspects was added in the follow-up: (1) the 8-item short-form health survey (SF-8).^\[[@R18],[@R19]\]^ (2) 12-item quality of life related with near vision (NVR-QOL). (3) 15-item visual quality questionnaire.^\[[@R20]\]^

What examinations were performed?
---------------------------------

Examinations covered the following information. (1) Anthropometry. (2) Autorefraction and visual acuity (VA) measurement.^\[[@R21]\]^ (3) intra-ocular pressure (IOP) measurement.^\[[@R22]\]^ (4) Anterior segment optical coherence tomography. (5) Slit-lamp examination. (6) Optic disc imaging. (7) Retinal nerve fiber layer imaging. (8) Visual field testing. (9) Gonioscopy. (10) Ocular biometry. (11) Fundus photography. (12) Other measurements of physical function. (13) Blood collection. (14) Urine collection.

Except for the above examinations that performed at the baseline of HES, we added color vision measurement, near vision measurement, and trachoma screening. The whole examination procedure was shown in Figure [1](#F1){ref-type="fig"}.

![Flow chart of examination. ECG: electrocardiogram; OCT: optical coherence tomography; AC-OCT: anterior chamber optical coherence tomography; LOCS: lens opacities classification system.](cm9-132-2157-g001){#F1}

Definitions of ocular disease and progression
---------------------------------------------

### Definitions of visual impairment

Blindness was defined as BCVA \<20/400 in the better-seeing eye. Low vision was defined as BCVA \<20/60 and ≥20/400 in the better-seeing eye. If the visual acuity was presented in the above categories during the follow-up without appearance at baseline, the visual acuity was taken as deterioration into blindness or low vision.

### Definitions of glaucoma

Diagnosis of glaucoma was based on three aspects: the eye fundus, the visual field results, and the IOP. At the beginning, subjects were categorized as definite, probable, possible, or no glaucoma based on eye fundus. Subsequently, for the probable and possible subjects, if there were glaucomatous visual field defects and if the IOP was \>21 mmHg, they would be diagnosed as glaucoma.

Glaucomatous visual field defects had at least two of the following characteristics: (1) a cluster of three points with a probability less than l% on a pattern deviation map in at least one hemifield, including at least one point with a probability less than 1%; or a cluster of two points with a probability less than 1%. (2) glaucoma hemifield test results outside 99% of the age-specific normal limits. (3) pattern standard deviation outside 95% of the normal limits.

Specifically, the eye fundus reading followed the following process. Firstly, four ophthalmologists from Beijing Tongren Hospital (YZ, JH, QZ, and ZG) reviewed disc photographs for vertical cup/disc ratios, rim of optic disc, nerve fiber layer defect, and optic disk hemorrhage. Secondly, independent review of the finding was carried out by three senior glaucoma specialists (TR, BSW, and YBL), classified the patients according to the same definitions. If the results differed among three specialists, a third independent reading was conducted by another glaucoma specialist (DSF). The final diagnosis was determined by another glaucoma specialist (NLW) if some confused diagnosis still existed in the third step.

Glaucoma was also diagnosed as present in cases where the optic nerve was not visible due to media opacity and the VA was \<20/400 and the IOP was \>99.5th percentile, or the VA was \<20/400 and the eye had evidence of prior glaucoma filtering surgery, or medical records were available confirming glaucomatous visual morbidity.

### Definitions of cataract

Cataract was defined based on the examination of slit lamp reference to standard grading photos. Lens opacities classification system (LOCS) III grade^\[[@R23]\]^ was used as same as baseline study: nuclear opacity or nuclear color \>4 or cortical opacity \>2 or posterior sub-capsular opacity \>2 in at least one eye. If the opacity was worse in the follow-up, it would be considered as progression.

### Definitions of AMD

AMD was defined as early and late stage. Macular-centered photographs were graded in both the baseline and the follow-up, following the definition used in the blue mountain eye study (BMES) for comparison. Early AMD was defined as absence of late AMD and presence of either: (1) large in distinct soft or reticular drusen, or (2) both large distinct soft drusen and retinal pigmentary abnormalities. If indistinct/reticular drusen or distinct soft drusen combined with retinal pigmentary abnormalities were presented, incident of early AMD would be considered in subjects without early or late AMD at baseline. Late AMD was defined as the presence of geographic atrophy (GA) or neurovascular AMD. If the neurovascular AMD or GA involved the macular area in either eye, incident of late AMD would be calculated in subjects without late AMD at baseline. Neovascular AMD was diagnosed if there was serous or hemorrhagic detachment of the retinal pigment epithelium or sensory retina, with the presence of sub-retinal or sub-RPE hemorrhages or sub-retinal fibrous scar tissue.

### Definitions of refraction changes

Refraction changes would be calculated by subtracting the spherical equivalent error (SER) of the follow-up and the SER of the baseline. Emmetropia, myopia, and hyperopia were considered as SER (sphere +1/2 cylinder) of between −0.5 and 0.5 diopters (D), less than −0.5D and greater than +0.5D, respectively. A positive change was called a hyperopic shift, whereas a negative change was called myopic shift.^\[[@R24]\]^ Myopic shift was defined as change in SER ≤−0.5D, and hyperopic shift as change in SER ≥0.5D.

### Definitions of myopic maculopathy

Progression of myopic maculopathy would be defined under any of the following circumstances. (1) New signs of myopic maculopathy lesions showed up (diffuse chorioretinal atrophy, patchy chorioretinal atrophy, macular atrophy, lacquer cracks, and choroidal neovascularization. (2) Enlargement of the area of diffuse chorioretinal atrophy, patchy chorioretinal atrophy, and macular atrophy. (3) Increase in the number of lacquer cracks in participants who already had myopic maculopathy at baseline.

### Definitions of DR

DR would be diagnosed among diabetes patients: diabetes mellitus (fasting plasma glucose ≥7.0 mmol/L) or medical history of diabetes. With five standard field photos, lesions would be graded based on the following criterias (No DR: levels 10 through 13. Any DR: levels 14 through 80. Minimal non-proliferative diabetic retinopathy (NPDR): levels 14--20. Mild-moderate NPDR: levels 31 to 41. Severe NPDR to proliferative retinopathy: levels 51--80). The progression of DR would be defined as one level grade to the further deterioration.

### Definition of general diseases

Diagnosis of diabetes, high blood pressure and other general diseases was not made by ophthalmologists. These diagnoses were based on the patient\'s medical history (whether there was a doctor\'s diagnosis of hypertension or diabetes), as well as patients' drug using status (the patients were asked whether they used oral hypotension, hypoglycemic drugs, insulin, and so on). We also measured patients' blood pressure and blood glucose to help make confirmation. We believe that the data was credible and of high quality.

Statistical analysis
--------------------

In this study, mean value and standard deviation, as well as median value and interquartile range (IQR), were used for basic statistical description for continuous data. Frequency and percentage were used to make basic statistical description for categorical data. Chi-square test was applied to make comparison on categorical data between groups, One-way analysis of variance (ANOVA) and Kruskal-Wallis test were applied to make comparison on continuous data, a *post-hoc* test was done. Inter-class correlation coefficients (ICCs) and Kappa coefficients were used to evaluate the consistency between different operators. Logistic regression was used to explore the influence factors of death, odds ratio (OR) and 95% confidence intervals (CIs) were used to estimate the effect size of each influence factor.

In the future analysis, age and gender standardized 6-year cumulative incidence rate would be calculated for ocular diseases. The relationship between risk factors of disease onset, progression, regression or disappearance, and 6-year death would be evaluated by risk ratios and 95% CIs. These would be calculated by fitting cox proportional hazard models, in multivariable analysis. Generalized estimating equation methods would be incorporated to allow for correlations between paired eyes. For continuous traits obeying normal distribution, *t*-tests, ANOVA, analysis of covariance, and linear regression models would be used. For continuous traits disobeying normal distribution, Wilcoxon rank-sum test, Kruskal-Wallis test, and mixed-effect model would be applied. In addition, both person-specific and eye-specific analyses would be conducted.

For the imbalanced data, synthetic minority over-sampling technique (SMOTE)^\[[@R25]\]^ had been adopted in a published study.^\[[@R26]\]^ The reason was that ocular diseases like myopic maculopathy usually had a very low incidence, there would be very few cases, leading to extremely large or small ORs, the results would not be robust. SMOTE algorithm used a statistical technique that build new cases from existing features rather than simply replicating existing cases, which could effectively balance data and avoid overfitting situation.^\[[@R27]\]^

The open-source statistical computing software R (Version 3.4.1) was used. The significant level was set to be 0.05.

Data management and quality control
-----------------------------------

Quality control procedures were implemented following the protocol of HES baseline. The clinicians and ophthalmologists were trained and certified for performing visual acuity measurement, IOP measurement, LOCS III grading, cup-to-disc ratio estimation, and gonioscopy examination in pilot study.

Two clinicians examined the same subjects and results of 30 cases were recorded for each item to ensure the consistency of data measured by different operators. The consistency was assessed using ICC or Kappa coefficient according to data type through the pilot study and was reassessed at the intermediate stage of the study. In this study, the ICCs of quantitative measurements between different operators were all above 0.80, and the Kappa coefficients of categorical indicators (such as the diagnosis result of eye diseases) between different ophthalmologists were 0.69 or above, indicating a high consistency.

Data of the questionnaires, as well as data of the ocular examinations including color vision, physical fitness test, physical examination, near vision, distant vision, slit lamp, eye pressure, and LOCS III, was recorded on the clinical research form (CRF) first, and then was transformed into electronic database using the Epidata software. Subjects' autorefraction data would be printed automatically on thermo-sensitive paper and pasted to the CRF, also, autorefraction data would be typed into the Epidata database later on. Two staff finished the data entry job independently, and comparison between the two copies of data entry was done, if there were any inconformity of any variable of any subject, revision job would then be done according to the original paper material (the CRF) of this subject. The revision process would not be finished until the two databases were completely the same. As for urine and blood sample, the data would be generated automatically by the examination machine and exported to excel sheet. As for diagnosis of ocular diseases including glaucoma, age-related macular degeneration, and so on, the diagnosis of both eyes would be recorded in excel files directly by one researcher; meanwhile, another researcher monitored the recording process to make sure there was no mistake.

Subsequently, data from different sources would be merged together using statistical analysis system (SAS) software according to patients' ID, which was unique for each subject.

At last, there would be a data cleaning process done by a data manager, the outliers, the missing data, and logical mistakes would be checked. For example, age below 36 years would be considered as a logical error, because the inclusion criteria of HES baseline was 30 years old or above, thus 6 years later, at the follow-up period, all subjects should be 36 years or older. For logical errors, the revision job would be done carefully by tracing this subjects' all information, the outliers would be replaced with the upper limits or lower limits of this variable unless the subject was diagnosed of some diseases, the missing data would be replaced using a multiple imputation statistical method.

Results
=======

Reasons of loss to follow-up
----------------------------

Total 5394 subjects finished the follow-up (the follow-up group), 507 subjects died (the dead group) and 929 subjects were lost to follow-up (the loss to follow-up group), the follow-up rate (85.3%) of HES was calculated by excluding the dead group. Among the 929 subjects that were lost to follow-up, 117 (12.6%) had severe physical or mental diseases, 496 (53.4%) were at work, 251 (27.0%) refused to attend, 63 (6.8%) were out of contact, and two were documented with wrong information \[Figure [2](#F2){ref-type="fig"}\].

![Flow chart of followed subjects screening.](cm9-132-2157-g002){#F2}

Assessment of loss to follow-up bias
------------------------------------

Loss to follow-up bias could be reflected by the difference on measurements between the subjects followed-up and the subjects lost to follow-up, the more the difference was, the higher the risk of loss to follow-up bias would be. To explore whether a large bias would be caused by the subjects lost to follow-up, comparison among the three groups was done.

The average ages of the follow-up group, the loss to follow-up group and the dead group were 51.37 ± 11.07 years (IQR: 42--58), 50.21 ± 14.00 years (IQR: 38--59), and 66.52 ± 10.31 years (IQR: 59--74), respectively \[Table [1](#T1){ref-type="table"}\], age of the dead group was the oldest (*Z* = 651.293, *P* \< 0.001). Male accounted for 44.6%, 49.3%, and 59.0%, respectively of the follow-up group, the loss to follow-up group, and the dead group, male proportion of the dead group was significantly higher than the other two groups (*χ*^2^ = 42.351, *P* \< 0.001). Those who finished middle school or above accounted for 85.5%, 84.8%, and 65.9%, respectively in the follow-up group, loss to follow-up group, and the dead group, the education level of the dead was the lowest (*χ*^2^ = 205.354, *P* \< 0.001). Besides, marriage percentage of the dead group was 75.5%, while the percentages of the follow-up group and loss to follow-up group were 91.8% and 90.2%, there was no statistical difference between the loss to follow-up group and the follow-up group, but they were both statistically higher than that of the dead group. BMI of the dead group, follow-up group and the loss to follow-up group was 24.05 ± 4.07, 24.55 ± 3.61, and 24.40 ± 4.47 kg/m^2^, respectively, BMI of the dead was the lowest (*Z* = 18.789, *P* = 0.005. There was no statistical difference on waist-to-hip ratio among three groups.

###### 

Comparison of baseline demographic characteristics, medical history, behavior, and ocular parameters among three groups.

![](cm9-132-2157-g003)

For hypertension history, diabetic history, heart disease history, and hyperlipidemia history, there was no statistical difference between the loss to follow-up group and the follow-up group. Yet for the dead group, the proportion of hypertension history, diabetic history, and heart disease history was statistically higher than that of the other two groups. 36.7% of the dead group had a hypertension history while the percentage was only 20.2% and 16.0% for the other two groups. 8.2% of the dead subjects had a diabetic history while the percentage was only 1.8% and 1.5% for the other two groups. 10.9% of the dead group reported the heart disease history while the percentage was only 5.2% and 4.8% for the other two groups.

Besides, there was no statistical difference on BCVA, IOP, central cornea thickness (CCT), and axial length (AL) between the follow-up group and the loss to follow-up group either. BCVA (logMAR unit) of the dead group was 0.37 ± 0.57, while it was 0.08 ± 0.28 and 0.12 ± 0.38 in the follow-up group and loss to follow-up group; BCVA of the dead group was the lowest. IOP of the dead group was statistically lower than that of the other two groups; the mean IOP of the dead group, the follow-up group, and the loss to the follow-up group was 14.36 ± 2.93, 15.04 ± 2.98, and 15.15 ± 2.95 mmHg, respectively. The average SER of the dead subjects, subjects followed-up and subjects lost to follow-up were 0.18 ± 0.63, 0.05 ± 1.71, and −0.17 ± 1.17 D, respectively. SER of the dead group was statistically higher than other two groups. SER of the loss to follow-up group was statistically lower than the other two groups.

There was no statistical difference in smoking history and drinking history between the loss to follow-up group and the follow-up group. 38.4% of the dead group had a smoking history, which was statistically higher than that of the follow-up group (31.2%) and the loss to follow-up group (34.1%).

The average total scores of MMSE of the dead group, loss to follow-up group and follow-up group were 19.04 ± 6.45, 21.28 ± 5.22, and 21.49 ± 5.58 points, respectively. The MMSE score of the dead group was statistically lower than that of the other two groups (*Z* = 40.095, *P* \< 0.001). However, there was no statistical difference between the loss to follow-up group and the follow-up group. The average total scores of visual quality of the dead group, loss to follow-up, and follow-up group were 20.29 ± 4.73, 18.72 ± 2.80, and 18.63 ± 2.98 points, respectively. Visual quality score of the dead group was the highest (*Z* = 96.432, *P* \< 0.001). And it was worth mentioning that the higher the visual quality score was, the worse the visual quality would be, meaning that the visual quality of the dead was the worst. However, there was no statistical difference between the loss to follow-up group and the follow-up group. The proportions of narrow-angle of the dead group, loss to follow-up, and follow-up group were 9.5%, 4.0%, and 6.0%, respectively. Proportion of narrow-angle of the dead group was higher than that of the other two groups (*χ*^2^ = 6.798, *P* \< 0.033). However, there was no statistical difference between the loss to follow-up group and the follow-up group. There was no statistical difference in visual field testing among the three groups.

Given that the dead group was different from the other two groups in many aspects, multivariate analysis was further done to explore the influence factors of death, results of logistic regression \[Table [2](#T2){ref-type="table"}\] showed that age (OR = 1.901, 95% CI: 1.074--1.108), gender (OR = 0.317, 95% CI: 0.224--0.448), and BCVA (OR = 0.282, 95% CI: 0.158--0.503) were associated with death.

###### 

Multivariate analysis of influence factors of death.
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Analysis of reliability and validity of questionnaires and scales
-----------------------------------------------------------------

We assessed the reliability and validity of the scales used in the follow-up of HES, as shown in Table [3](#T3){ref-type="table"}. The Cronbach coefficients of EuroQol-5D scale, SF-8 scale, NVR-QOL scale, visual quality scale, and MMSE scale were 0.63, 0.90, 0.64, 0.79, and 0.78, respectively. The cumulative variances of EuroQol-5D scale, SF-8 scale, NVR-QOL scale, visual quality scale, and MMSE scale were 0.69, 0.72, 0.61, 0.66, and 0.62, respectively. All Cronbach coefficients were 0.63 or above and all cumulative variances were 0.61 or above, indicating that these five scales used in HES were of good reliability and validity.

###### 

Reliability and validity of the scales used in the follow-up of Handan Eye study.

![](cm9-132-2157-g005)

Analysis of consistency between different operators/ophthalmologists
--------------------------------------------------------------------

We also assessed the consistency of ocular parameters measurements by different operators and the consistency of diagnosis of main ocular diseases by different ophthalmologists, as shown in Table [4](#T4){ref-type="table"}. Specifically, IOP measurement, visual acuity measurement, and subjective refraction measurement were done by more than two operators, thus there were more than one pair of ICCs for each ocular parameter. However, all ICCs were 0.80 or above. Besides, the diagnosis of main ocular diseases including glaucoma, AMD, and DR achieved good consistency between ophthalmologists too, the Kappa coefficients were 0.69 or above.

###### 

The consistency of ocular parameters measurements by different operators and the consistency of diagnosis of main ocular diseases by different ophthalmologists.

![](cm9-132-2157-g006)

In conclusion, on almost every aspect, the dead group were statistically different from the loss to follow-up group and the follow-up group. However, between the loss to follow-up group and the follow-up group, there was only difference on age, gender, BMI, systolic blood pressure (SBP), and SER, we believed that there was a low-risk of large loss to follow-up bias. Besides, we believed that the data of HES was of good quality, which was qualified for subsequent studies.

Discussion
==========

HES was an epidemiological cohort study for the rural Chinese population in northern China. It would provide data on the incidence and risk factors of blindness, low vision and major eye diseases. Various normative data for the rural Chinese adult population would also be obtained from this study.

Comparison among three groups on demographic information, medical history, anthropometric indicators, behaviors, and ocular parameters was done in this study. Difference between the subjects lost to follow-up and the subjects followed-up might cause bias to the study, sadly there was indeed difference in age, gender, BMI, SBP, and hypertension history. However, it was explainable because in our study there were 929 subjects lost to follow-up in total, among which 496 (53.4%) were at work. Obviously, younger and male villagers were more easily to find a physical job. As to BMI, although there was a statistical difference between the subjects followed-up and the subjects lost to follow-up, the difference between 24.55 and 24.40 kg/m^2^ was quite small in clinic. A lower SBP and a lower proportion of hypertension history of the subjects lost to follow-up was also reasonable, after all, more than half of the subjects lost to follow-up went out for work, they tended to have a healthier body. SER was an important ocular parameter, and the reason why SER of the subjects lost to follow-up were statistically lower than that of the subjects followed-up was unclear.

In conclusion, for HES, a higher incidence of age-related ocular diseases like cataract, AMD, and so on would be calculated due to that there was a higher proportion of young people in the subjects lost to follow-up. However, since that there was no statistical difference in BCVA, IOP, CCT, and AL, which were very important ocular parameters, we believed there was a low-risk of loss to follow-up bias. Subsequently, HES would reveal the cumulative 6-year incidence, progression, risk factors of major ocular diseases and 6-year death risk of rural Chinese adults.

We admitted that there were some limitations of the HES follow-up. Firstly, the subjects were all aged 36 years or above, thus there would be no finding on young adults. Secondly, the gonioscope examination was not performed for all subjects, thus we could not distinguish angle-closure glaucoma and open angle-closure glaucoma. What\'s more, given that the sample size estimation was based on a prevalence of 2% of main ocular diseases,^\[[@R15]\]^ for some low-prevalence or low-incidence ocular diseases such as macular retinoschisis and so on, the sample size was not enough to carry out a research. However, HES achieved a high follow-up rate, the questionnaires and scales were of good reliability and validity, measurements between different operators, as well as the diagnosis made by different ophthalmologists, were of good consistency, we believed that data of the scales and ocular examinations were of good quality.
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